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RESUMO 
O objetivo deste estudo foi caracterizar a morfologia dos tecidos duros e moles da 
articulação temporomandibular de ratos com extração dentária utilizando 
microtomografia com contraste difusível à base de iodo. Seis ratos foram distribuídos 
aleatoriamente em diferentes grupos para os experimentos, 3 para dentição normal e 
3 para extração do dente incisivo central superior (lado direito), a eutanásia ocorreu 
14 dias após o dia 0 da extração. Uma solução de contraste contendo iodo e iodeto 
de potássio, na proporção de 2: 1, em uma concentração de 10% de iodo, foi usada 
para marcar os tecidos moles da articulação temporomandibular, incluindo superfícies 
articulares, disco articular, cápsula articular e músculos adjacentes. As amostras da 
articulação temporomandibular foram escaneadas por microtomografia 
computadorizada e, em seguida, foi realizada a reconstrução tridimensional das 
imagens. No grupo experimental, os espaços supra-discal de ambos os lados 
diminuíram, especialmente no lado direito. Medialmente, a articular 
temporomandibular direita apresentava obstrução entre a fixação do disco e a 
superfície óssea, enquanto no lado esquerdo o espaço estava presente, porém menor. 
Esse método mostrou-se eficaz, permitindo observar as estruturas articulares e suas 
relações topográficas. Houve alterações morfológicas, principalmente na organização 
das estruturas intra-articulares após a extração do incisivo superior direito. 
Palavras-Chave: Rato; articulação temporomandibular; microtomografia; agentes de 
contraste.  
  
  
 
 
ABSTRACT 
The aim of this study was to characterize the morphology of the hard and soft tissues 
of temporomandibular joint of the rats with tooth extraction induction using diffusible 
iodine-based contrast-enhanced ct (dicect). Six rats were randomly assigned to 
different groups for the experiments, 3 to normal dentition and 3 to extraction of the 
upper central incisor tooth (right side), euthanasia occurred within 14 days after day 0 
of extraction. An iodine-based contrast solution containing iodine and potassium 
iodide, in a 2:1 ratio, in a 10% iodine concentration, was used for staining the soft 
tissues of the temporomandibular joint, including joint surfaces, articular disc, joint 
capsule and muscles adjacent. The temporomandibular joint samples were scanned 
using micro-computed tomography and then the 3D reconstruction of the images was 
performed. In the experimental group, the supra-disc spaces on both sides decreased, 
especially on the right side. Medially, the right temporomandibular joint presented an 
obstruction between the fixation of the disc and the bone surface, while on the left side 
the space was present, but smaller. In conclusion, this method proved to be effective, 
allowing to observe the articular structures and their topographic relations. There were 
morphology changes, especially in the organization of intra-articular structures after 
extraction of the right upper incisor.  
Keywords: Rat; temporomandibular joint; Micro-CT; Contrast agents. 
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1 INTRODUÇÃO 
Historicamente, para a visualização da anatomia tridimensional e 
morfologia dos animais, eram realizados procedimentos destrutivos, como a 
macrodissecção das espécies e cortes específicos nos tecidos duros e moles, 
seccionamento histológico e fotomicroscopia. Mais recentemente, no entanto, 
técnicas não destrutivas surgiram como ferramentas que possibilitam não só essa 
visualização, como também seu aperfeiçoamento, para documentar estruturas de 
tecidos moles não mineralizados que normalmente não apresentam boa imagem 
usando técnicas convencionais de raios-X, estes incluem tomografia computadorizada 
de raios X (TC), e também um aspecto relativamente novo e potencialmente 
transformador da TC atual, que é o uso de agentes químicos para tornar visíveis e 
diferenciar estruturas de tecidos moles em exames de imagem. 
Além dos benefícios que a TC oferece aos anatomistas, médicos, dentistas 
e demais profissionais da saúde, essa abordagem utilizando agentes químicos como 
contraste, também permite a quantificação da morfologia dos tecidos moles, incluindo 
dimensões lineares e dados volumétricos. A obtenção dessas imagens facilita a 
medição precisa de importantes parâmetros anatômicos funcionais, como volumes 
musculares (Holliday et al. 2013; Lautenschlager et al. 2013), orientações musculares 
(Hautier et al. 2012), comprimentos fasciculares (Jeffery et al. 2011), áreas 
transversais fisiológicas (Cox et al. 2011, 2012; Vickerton et al. 2014) e, 
potencialmente, diferenças fisiológicas fora e dentro dos músculos (Gignac & Kley, 
2014).  
 Assim, o iodo emergiu como um dos agentes de contraste mais 
amplamente usados entre os morfologistas animais devido à sua facilidade de 
manuseio, custo efetivo e afinidades diferenciais para os principais tipos de tecidos 
moles. (Neu & Genin, 2014). 
Técnicas a base de iodo, diferenciam os tecidos moles com um alto grau 
de precisão que pode aumentar ou mesmo exceder o que pode ser discernido por 
meio de dissecção macroscópica ou tomografia computadorizada não-intensificada. 
Questões de importância anatômica fundamental, como as relações precisas entre os 
tecidos moles e os elementos ósseos, são esclarecidas pela aplicação de agentes que 
aumentam o contraste. 
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Os espécimes corados com o iodo, podem ser usados posteriormente em 
estudos histológicos para verificar e validar esses achados (Jeffery et al. 2011; 
Herdina et al. 2015). Em essência, cada espécime pode revelar sua própria morfologia 
recursivamente através da implementação de múltiplas modalidades de imagem, 
fornecendo assim uma quantidade notável de informação de apenas um único 
espécime.  
A reconstrução tridimensional a partir da tomografia computadorizada é 
uma técnica altamente confiável, pois é um método não destrutivo. Em laboratórios 
para estudos com estruturas menores, a microtomografia computadorizada (Micro-
CT) é uma das tecnologias aplicadas (Dhenain et al., 2001), devido aos avanços 
tecnológicos nesses aparelhos e obtenção de imagens com alta resolução em 
diversas pesquisas. Diversas pesquisas têm utilizado a articulação 
temporomandibular do rato Wistar como modelo para simulação experimental de 
diversas situações clínicas em Odontologia e na área médica. Possibilitando 
reconstrução e modelagem muscular precisas, que são necessárias para a 
compreensão da biomecânica de sistemas anatômicos complexos, como o aparelho 
mastigatório. 
Para tal abordagem, utilizamos o Rato (Rattus norvergicus albino) linhagem 
Wistar, em pesquisas relacionadas a mamíferos, ratos são muito utilizados devido a 
seu fácil manuseio, rápido desenvolvimento e ciclo de vida, além do baixo custo para 
manutenção e alimentação (James et al., 1998). Mesmo existindo diferenças entre as 
espécies, ainda sim são descritas semelhanças do aparelho mastigatório de ratos e 
humanos. Desta forma, estudos funcionais, estruturais e experimentais realizados em 
ratos, tem se tornado significativo para comparação com estruturas humanas (Porto 
et al., 2010). 
Os efeitos de traumas indiretos na articulação temporomandibular do rato 
(ATM) analisados por meio de modelos experimentais. Em um estudo, o trauma 
aplicado na direção da fossa mandibular, produziu lesão da ATM. Os dados 
histológicos demonstraram que o impacto poderia produzir fraturas da fossa 
mandibular. O trauma, com ou sem fratura, causou alterações proliferativas na ATM. 
A fossa mandibular, o disco articular e a superfície articular do côndilo foram 
lesionados. O espessamento das superfícies articulares resultou em espaço articular 
reduzido. Posteriormente, foram encontradas alterações na remodelação do côndilo. 
(Luz, JGC. Et al., 1991) 
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Porto et. al. (2010) compararam a superfície articular do côndilo de 
humanos e ratos Wistar adultos, machos. Seu estudo mostrou que a forma e o tecido 
que constituem a cartilagem do disco articular, são semelhantes. O tecido que recobre 
o côndilo mandibular é constituído em ambos por cartilagem hialina, entretanto nos 
humanos existe maior quantidade de camadas sobrepostas de condrócitos e maior 
espessura da camada fibrosa. A ATM do rato também possui membrana sinovial, 
assim como nos humanos e não existe eminência articular em ratos. É envolvida por 
uma fina cápsula, formada por tecido fibroso e cobertura sinovial. O ângulo mandibular 
é proeminente. A fossa mandibular é rasa, sem eminência articular. E de acordo com 
os achados histológicos, a ATM é composta por uma camada de cartilagem hialina 
que recobre a superfície articular do côndilo e do osso temporal. Concluindo de acordo 
com os achados morfométricos e histológicos, que a estrutura articular em ratos é, no 
geral, similar a articulação humana.  
Em contrapartida, Toledo et al. (2014), realizaram um estudo analisando os 
efeitos da lesão e remoção do disco articular no crescimento maxilomandibular em 
ratos jovens. Estes autores concluíram que houve alterações degenerativas do 
processo condilar nos grupos de lesão e remoção e decréscimos importantes para a 
altura do corpo mandibular e comprimento mandibular no grupo lesionado, enquanto 
houve diminuição importante apenas para o comprimento da mandíbula no grupo de 
remoção. Medições específicas de estruturas do ramo mandibular exibiram diferenças 
entre a lesão e os grupos operados por simulação e entre os grupos de remoção e 
operação simulada. A lesão experimental e a remoção do disco articular durante o 
período de crescimento em ratos tiveram efeitos deletérios sobre as estruturas do 
ramo e induziram assimetria da mandíbula, com piores resultados decorrentes de 
lesão do disco articular. 
Cohen et al. (2014) avaliaram a articulação temporomandibular 
contralateral não cirúrgica de ratos Sprague Dawley, submetidos à cirurgia de 
remoção de disco articular unilateral. E constatou que, em camundongos a 
degeneração da cartilagem articular de uma das ATMs pode causar alterações 
morfológicas do lado contralateral.  Através desses estudos experimentais e com uso 
de exames de imagem, temos maior potencial de compreensão dos fatores biológicos 
e mecânicos que ocorrem na ATM de ratos e assim correlacionar às estruturas 
humanas. 
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Assim, este trabalho teve como objetivo caracterizar e analisar a morfologia 
dos tecidos moles e duros da ATM do rato Wistar, após exodontia do incisivo central 
superior direito, por meio do uso de microtomografia com contraste à base de iodo, e 
comparar a porcentagem de concentração do contraste utilizado.  
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2 ARTIGO: ANATOMIC CHARACTERIZATION OF TEMPOROMANDIBULAR 
JOINT OF RATS WITH TOOTH EXTRACTION INDUCTION USING 
DIFFUSIBLE IODINE-BASED CONTRAST-ENHANCED CT (diceCT)  
Artigo submetido para análise no periódico internacional: Journal of Applied of Oral 
Sciences (ANEXO 2). 
 
ABSTRACT 
The aim of this study was to characterize the morphology of the hard and 
soft tissues of TMJ of the rats with tooth extraction induction using diffusible iodine-
based contrast-enhanced ct (dicect). Six rats were randomly assigned to different 
groups for the experiments, 3 to normal dentition and 3 to extraction of the upper 
central incisor tooth (right side), euthanasia occurred within 14 days after day 0 of 
extraction. An iodine-based contrast solution containing iodine and potassium iodide, 
in a 2:1 ratio, in a 10% iodine concentration, was used for staining the soft tissues of 
the TMJ, including joint surfaces, articular disc, joint capsule and muscles adjacent. 
The TMJ samples were scanned using micro-computed tomography and then the 3D 
reconstruction of the images was performed. In the experimental group, the supra-disc 
spaces on both sides decreased, especially on the right side. Medially, the right TMJ 
presented an obstruction between the fixation of the disc and the bone surface, while 
on the left side the space was present, but smaller. In conclusion, this method proved 
to be effective, allowing to observe the articular structures and their topographic 
relations. There were morphology changes, especially in the organization of intra-
articular structures after extraction of the right upper incisor.  
Keywords: Rat; TMJ; Micro-CT; Contrast agents. 
 
INTRODUCTION 
In addition to the benefits that X-ray micro-computed tomography (microCT) 
offers to study of the anatomists, the approach using contrast-enhancing chemicals 
also allows quantification of soft tissue morphology, including linear dimensions and 
volumetric data. Obtaining these images facilitates accurate measurement of important 
functional anatomical parameters such as muscle volumes (Holliday et al. 2013; 
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Lautenschlager et al.; 2013), muscle orientations (Hautier et al., 2012), fascicular 
lengths (Jeffery et al., 2011), physiological cross-sectional areas (Cox et al., 2011, 
2012; Vickerton et al., 2014) and potentially muscle physiological differences (Gignac 
& Kley, 2014). 
Iodine-based techniques differentiate soft tissues with a high degree of accuracy 
that can increase or even exceed what can be discerned by macroscopic dissection or 
non-intensified computed tomography. Issues of fundamental anatomical importance, 
such as the precise relationships between soft tissues and bone elements, are clarified 
by the application of contrast enhancing agents (Jeffery et al., 2011; Herdina et al., 
2015).  
Three-dimensional reconstruction from computed tomography is possible and 
highly reliable as they are non-destructive methods. In laboratories for studies with 
smaller structures, computerized microtomography (Micro-CT) is one of the 
technologies that has been applied (Dhenain et al., 2001), due to technological 
advances in these devices and obtaining high resolution images in several researches. 
Several studies have used the rat temporomandibular joint (TMJ) as a model for 
experimental simulation of various clinical situations in dentistry and medical field 
(Porto et al., 2010; Cohen et al., 2014; Toledo et al., 2014). 
Porto et al. (2010) compared the joint surface of the mandibular condyle of adult 
male human and adult Wistar rats. The authors showed that the shape and tissue that 
make up the cartilage of the articular disc are similar. The tissue covering of the 
mandibular condyle is made up of both hyaline cartilages, however in humans there is 
a greater number of overlapping layers of chondrocytes and greater thickness of the 
fibrous layer. The TMJ of the rat also has a synovial membrane, just like in humans 
and there is no joint eminence in rats. It is surrounded by a thin capsule, formed by 
fibrous tissue and synovial membrane. The mandibular angle is prominent. The 
mandibular fossa is flat, without articular eminence. According to the histological 
findings, the TMJ is composed of a layer of hyaline cartilage that covers the joint 
surface of the mandibular condyle and temporal bone. Concluding according to the 
morphometric and histological findings, that the articular structure in rats is, in general, 
similar to the human articulation. 
The aim of this study was to characterize the morphology of the hard and soft 
tissues of TMJ of the rats with tooth extraction induction using diffusible iodine-based 
contrast-enhanced ct (dicect). 
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MATERIALS AND METHODS 
This research was approved by the Ethics Committee on Animal 
Experimentation (CEUA) of the Institute of Biology (IB) of UNICAMP (Protocol number: 
5298-1 / 2019) (ANEXO 1). 
 
SAMPLE 
It was used 6 male rats (Rattus norvegicus albinus), Wistar linage, 2 months old 
(200-250g), from the Multidisciplinary Center for Biological Research in the area of 
Science in Laboratory Animals - CEMIB-UNICAMP. The rats were kept in collective 
cages (four animals / box), with temperature at 22 ± 2 ° C, controlled light cycle (12/12 
h) and free access to water and feed. 
 
Experimental Design  
The rats were randomly assigned to different groups for the experiments: 
- Control Group (n = 3): normal dentition was maintained, constituting the control 
group. Euthanasia occurred within 14 days after day 0 of extraction. 
- Tooth Extraction Group (n = 3): extraction of the upper central incisor tooth 
(right side) and euthanasia occurred within 14 days after day 0 of extraction. 
 
Tooth Extraction Surgery 
The procedure was performed under general anesthesia using ketamine 
solution (40-87 mg / kg) and muscle relaxant xilasine (5-13 mg / kg), intraperitoneally. 
Once sedation and signs of anesthesia were verified, the operative field antisepsis was 
performed with iodized polyvinylpyrrolidone (Riodeine Indústria Química e 
Farmacêutica Rio Química, São José do Rio Preto, São Paulo, Brazil) and then, the 
extraction of the upper right incisor, using instruments specially adapted for this 
purpose (Okamoto and De Russo, 1973). The gingival mucosa was sutured with 
polyglactin 910 thread (Vicryl 4.0 – Jhonson & Jhonson, New Brunswick, NJ, USA). 
 
Euthanasia 
The animals were euthanized during the periods previously proposed for both 
the control and experimental groups due to an overdose of anesthetic, as 
recommended by the ethical principles for the use of laboratory animals from CEUA / 
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UNICAMP. The head was detached from the body and dissected for block removal 
and fixed in a 10% formaldehyde solution and 0.1M phosphate buffer (pH 7.4), for 24h 
at 4ºC. 
 
Iodine-based contrast-enhanced CT (diceCT) protocol (I2KI) 
Initially, the heads were reduced to TMJ isolation, in which transverse, coronal 
and sagittal planes were made in the regions adjacent to the joint. From dissections it 
was observed that the base of the zygomatic process of the temporal bone is the 
reference site for the location of the TMJ. This reference contributed to reducing the 
risk of damaging the joint tissues during cuts. 
An iodine-based contrast solution containing iodine and potassium iodide, in a 
2:1 ratio, in a 10% iodine concentration, was used for staining the soft tissues of the 
TMJ, including joint surfaces, articular disc, joint capsule and muscles adjacent. 
The contrast solution was injected into the samples in order to reach the internal 
tissues more effectively. Then, the samples were submerged in the solution for 48 
hours. Prior to microtomography scanning, the pieces were submerged in distilled 
water for 24 hours to remove excess iodine impregnated on the external surface of the 
tissues. 
The samples were divided according to the control and experimental groups 
(extraction). In the experimental group, the joints on the right and left sides were 
scanned separately. The sample with no contrast application was used to assess the 
solution's effectiveness in staining intra-articular structures. 
 
MicroCT scans 
To scan the samples, a Skyscan microtomograph model 1174 (Bruker, Leuven, 
Belgium) configured with 50 kV and 800 µA was used. The pieces were positioned with 
the TMJ centered and scanned in the pixel size configuration equal to 8.36 µm, rotation 
angle of 0.5 and aluminum filter with thickness of 0.5 mm for X-ray attenuation. After 
the scans, the images were reconstructed using the NRecon software (Bruker, Leuven, 
Belgium), for conversion to grayscale images. 
 
Analysis of the images 
The images were imported into Mimics Research v18 (Materialise, Leuven, 
Belgium) and analyzed in the coronal, sagittal and axial planes. Initially, the 
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characterization of the anatomical articular structures of the TMJ was performed 
descriptively in the control group. The characterization was carried out two-
dimensionally, considering the central slice in each view, and three-dimensionally, 
through the construction of the 3D surfaces of each structure. 
The 3D construction was performed by segmenting the structures through the 
demarcation of the voxels considering the threshold values of gray values. After 
segmentation, the 3D surfaces were formed by triangular meshes (virtual 
stereolithography). 
The anatomical characteristics of the articular structures of the control and 
experimental group were described morphologically.  
 
RESULTS 
From the microCT images, it was possible to observe the bone components, 
the articular surfaces, the articular disc, the intrinsic ligaments and the joint capsule. 
Due to the contrast action, the bone structure did not present its contours in an evident 
way throughout its structure (Figure 1). 
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Figure 1 - Structures of the TMJ in micrCT images positioned in the central region of the coronal 
(upper left), sagittal (upper right) and axial (lower right) planes. 
 
Bone Components 
The mandibular condyle is circular and showed great convexity on the articular 
surface. It is possible to observe spaces in the subchondral layer and a denser bone 
architecture inferiorly. It has a rounded side pole with spaces in the subchondral layer. 
The lateral pole is pointed, forming a small extension, thus creating a small chamber 
between the articular disk and the bone surface, which can be seen in the coronal and 
axial sections. Previously, the articular surface is almost continuous with the notch, 
forming a smoother margin. Subsequently, the bone surface is convex and finds a 
bone reinforcement forming a small process. 
The mandibular fossa has a concavity when seen in the coronal sections. 
Medially it forms a bone wall separating the space occupied by the joint and the middle 
cranial fossa. In this medial wall, fixation of the joint capsule is observed. Laterally the 
concavity becomes flat and, thus, a side wall is not formed. Previously it presents an 
angulation forming the posterior wall of the joint eminence, which is also flat. 
 
Articular surfaces 
The articular surfaces were not very sensitive to the action of contrast and, 
therefore, there was greater difficulty in discriminating their density in relation to bone 
and, especially, to that of articulation. It was evident to observe in the sagittal and axial 
planes. In the mandibular condyle, greater thickness of the articular surface is 
observed over the medial and lateral poles, with less thickness in the central part. Due 
to its smaller thickness, the density of the articular surface is similar to that of the 
articular disc, making it difficult to visualize. In the axial plane it was possible to observe 
greater thickness also in the posterior part of the mandibular condyle. In the mandibular 
fossa, the articular surface is thicker in the center of the concavity, on the posterior 
surface and, mainly, on the medial surface. 
 
Articular disc and intrinsic ligaments 
The articular disc is biconcave, whose characteristic can be seen in the sagittal 
plane. It is thin in the central part and has a slight increase in density. It has greater 
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thickness on the periphery, mainly on its posterior part, when seen in sagittal and axial 
cuts, but it is also thicker medially and laterally, when seen in coronal cuts. 
The articular disc presents fixations by intrinsic ligaments, which differ according 
to their extremities and are visualized in the three planes considered in this study. 
Anteriorly and medially, it is possible to observe a great connection with the external 
pterygoid muscle, which is positioned anteriorly and, mainly, medially to the mandibular 
condyle. Posteriorly and laterally, it is possible to observe the fixation of the disc by 
ligaments fixed in a thick fascia of the masseter muscle. Due to the shape of the head 
of the mandible, in the medial and lateral poles, spaces are observed between the 
ligaments and the bone surface forming small chambers, being larger medially. In the 
images it was not possible to observe an evident infra-disc space, but a larger supra-
disc space was observed. 
 
Articular capsule 
It was possible to observe in the microCT images that the joint capsule is thin 
and irregular on its surfaces. Adheres to the bone wall medially and at the other ends 
to the fascia of the masseter muscle. It was not possible to observe differences in the 
internal and external surfaces and its density is similar to that of the articular surfaces. 
 
Qualitative morphological comparison between TMJ structures in the control 
and experimental groups 
In the three planes, it was possible to observe differences in articular structures 
after tooth extraction. Considering the structural differences, a greater amount of 
intraosseous space was observed in the experimental group on both sides. This 
characteristic could be observed in all planes. It was not possible to observe evident 
differences in the articular surfaces. The discs also showed no difference in thickness. 
The intra-articular spaces showed the most evident differences. In the control group, it 
is possible to observe a wider supra-disc space and small chambers between the 
ligaments and the bone surface in the medial and lateral regions. In the experimental 
group, the supra-disc spaces on both sides decreased, especially on the right side. 
Medially, the right TMJ presented an obstruction between the fixation of the disc and 
the bone surface, while on the left side the space was present, but smaller. 
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From the point of view of density, the soft joint structures showed higher density 
compared to the control group. It was possible to observe a higher density surface on 
the articular disc in the experimental group on both sides (Figure 2). 
 
Figure 2 – TMJ of the control (C) and Experimental (Er: right side; El: left side) groups in the coronal 
(COR), sagittal (SAG) and axial (AXI) planes. In the experimental group, a decrease in intra-articular 
spaces (red arrows), an increase in spaces is observed. 
 
DISCUSSION 
As far as we could verify, the present study is unheard of, and the results were 
satisfactory regarding the ability to observe intra-articular structures. Beyond the 
benefits that the iodine contrast application (diceCT) for micro tomographic image 
evaluation offers to descriptive anatomists, this approach also allows the qualification 
and quantification of soft tissues morphology (Gignac et al., 2016). 
In this study, we verified greater contrast in muscle tissue, which may be 
explained by the fact that connective and cartilage tissues respond differently or even 
that there may have been more difficulty in diffusion of iodine solution due to the 
presence of the joint capsule. Also noteworthy are the findings seen only in diceCT, 
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not seen in histological studies (Porto et al., 2010), such as the fixation of the articular 
disc to the external pterygoid muscle medially, and the larger supradiscal space.  
It is interesting to highlight the importance of our result, since accurate muscle 
reconstruction and modeling is indispensable for paleontological and biomechanical 
investigations of complex anatomical systems, such as the vertebrates stomatognathic 
system. Computational methods, including finite element analysis, lever mechanics, 
inverse kinematics and functional 3D anatomical models, all require information on 
muscle morphology and physiology, but in different formats depending on the software 
(Gignac et al., 2016). 
It could be observed in the control group a decreased intra-articular space, 
increased intraosseous spaces and increased density at the edges of the articular disc, 
suggesting, according to Kiliaridis et al. (1999), that altered chewing function caused 
by tooth extraction resulted in head and mandible morphology changes. Chewing 
function resulted in articular disc morphological and topographical modifications, which 
may suggest some inflammatory process presence (Fernandéz et al., 2018). Increased 
intraosseous spaces occur on condyle trabecular bone of extraction groups, probably 
due to reduced masticatory stimulation exerted on the mandible head as a result of 
dental extraction. 
The remarkable anatomical differences in TMJ are clearly linked to 
biomechanics. The characteristics mentioned above are load correlates (e.g. joint 
surface size) or movement (e.g. joint orientation) or both. TMJ load is a reaction force 
resulting from mandibular muscles contraction; its magnitude strongly depends on the 
bite point position in relation to the muscular action line. It is thought that TMJ evolution 
has coincided with a period of low reaction loads, with higher loads repeatedly evolving 
in different bloodlines. Many commonly used laboratory animals, especially rodents, 
fall into the TMJ minimum load category, particularly during chewing (Crompton and 
Parker, 1978). 
The rat TMJ is highly specialized for extensive protrusive movements, much 
more than the rabbit. The rounded condyle travels in a ditch-like temporal fossa and 
the power stroke is in the protrusive direction, with only a minor medial component 
(Weijs, 1975). Long axis rotation can occur around a moving symphysis. Calculations 
indicate that neither the work side nor the balance side is loaded during chewing (Weijs 
and Dantuma, 1975).  
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CONCLUSION 
This study presented an alternative for further research of TMJ in rats and 
could also be applied to other animals, using an iodine-based contrast. It can be 
concluded that this method proved to be effective, allowing to observe the articular 
structures and their topographic relations. There were morphology changes, especially 
in the organization of intra-articular structures after extraction of the right upper incisor.  
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3 CONCLUSÃO 
Este estudo apresentou uma alternativa para pesquisas mais aprofundadas 
da ATM em ratos, podendo ser aplicado em outros animais, utilizando um contraste a 
base de iodo. Pode-se concluir que tal método se mostrou eficaz, possibilitando 
observar as estruturas articulares e suas relações topográficas. Houve alterações da 
morfologia, principalmente na organização das estruturas intra-articulares, após a 
extração do incisivo superior direito.
27 
 
 
REFERÊNCIAS * 
Cohen WA, Servais JM, Polur I, Li Y, Xu L. Articular cartilage degeneration in the 
contralateral non-surgical temporomandibular joint in mice with a unilateral partial 
discectomy. J Oral Pathol Med. 2014;43(2):162–165. 
 
Cox PG, Jeffery N. Reviewing the morphology of the jaw-closing musculature in 
squirrels, rats, and guinea pigs with contrast-enhanced microCt. Anat Rec. 2011; 
294:915–928. 
 
Dhenain M, Ruffins SW, Jacobs RE. Three-dimensional digital mouse atlas using high-
resolution MRI. Dev Biol. 2001;232(2):458–470. 
 
Gignac PM, Kley NJ. Iodine-enhanced micro-CT imaging: methodological refinements 
for the study of the soft-tissue anatomy of post-embryonic vertebrates. J Exp Zool. 
2014; 322B:166–176. 
 
Hautier L, Lebrun R, Cox PG. Patterns of covariation in the masticatory apparatus of 
hystricognathous rodents: implications for evolution and diversification. J Morphol. 
2012;273(12):1319–1337. 
 
Herdina AN, Plenk H Jr, Benda P, et al. Correlative 3D-imaging of Pipistrellus penis 
micromorphology: Validating quantitative microCT images with undecalcified serial 
ground section histomorphology. J Morphol. 2015;276(6):695–706. 
 
Holliday CM, Tsai HP, Skiljan RJ, et al. A 3D interactive model and atlas of the jaw 
musculature of Alligator mississippiensis. PLoS ONE. 2013; 8, e62806. 
 
James J, Hewett T, Robbins J (1998). Cardiac physiology in transgenic mice. Circ 
Res.82:407– 415. 
 
*De acordo com as normas da UNICAMP/FOP, baseadas na padronização do 
International Committee of Medical Journal Editors – Vancouver Group. Abreviatura 
dos periódicos em conformidade com o Pubmed. 
28 
 
 
Jeffery NS, Stephenson RS, Gallagher JA, et al. Micro-computed tomography with 
iodine staining resolves the arrangement of muscle fibres. J Biomech. 2011; 44:189–
192. 
 
Lautenschlager S, Bright JA, Rayfield EJ. Digital dissection-using contrast-enhanced 
computed tomography scanning to elucidate hard-and soft-tissue anatomy in the 
Common Buzzard Buteo buteo. J Anat. 2013; 224: 412 - 431. 
 
Luz JGC, Jager RG, Araújo VC, Rezende JRV. The effect of indirect trauma on the rat 
temporomandibular joint. International Journal of Oral and Maxillofacial Surgery , 
Copenhague- Dinamarca, v. 20, p. 48-52, 1991. 
 
Neu CP, Genin GM (2014) Handbook of Imaging in Biological Mechanics. Boca Raton: 
CRC Press. [ISBN: 1466588136 ]. 
 
Porto GG, Vasconcelos BC, Silva-Junior VA, Andrade ES. The use of carrageenan for 
limiting the mandibular movement in rats: a preliminary experimental study. Med Oral 
Patol Oral Cir Bucal. 2010;15(4):e653–e657. 
 
Toledo LG, Cavalcanti SCXB, Corrêa L, Luz JGC (2014). Efeitos da lesão ou remoção 
do disco articular no crescimento maxilomandibular em ratos jovens. Jornal de Cirurgia 
Oral e Maxilofacial, 72 (11), 2140-2147. doi: 10.1016 / j.joms.2014.06.445 
 
Vickerton P, Jarvis JC, Gallagher JA, Akhtar R, Sutherland H, Jeffery N (2014) 
Morphological and histological adaptation of muscle and bone to loading induced by 
repetitive activation of muscle. Proceedings of the Royal Society B: Biological 
Sciences. 281. 20140786. 10.1098/rspb.2014.0786. 
 
  
29 
 
 
ANEXOS 
ANEXO 1: Certificação do Comitê de Ética 
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ANEXO 2: Comprovante de submissão em periódico internacional 
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ANEXO 3: Comprovante do software anti-plágio 
 
 
 
 
 
